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Abnormalities in the eye of tumorous-head Drosophila melanogaster 
were compositely mapped to their respective positions in an archetypal 
eye. A dorso-ventrally oriented restriction line in the posterior 
eye, similar to that observed by Campos-Ortega and Waitz (1978) and 
Baker (1978) through clonal analysis, was observed. Restrictive areas 
that parallel and probably coincide with those previously disclosed by 
Campos-Ortega (1978) were also demonstrated in both the dorsal and 
ventral eye. 
Transformations of tumorous-head Drosophila melanogaster were 
examined in order to investigate region specific correlations between 
head structures and their homoeotic replacements. Five different 
tumorous-head strains were analyzed and compared for maximum expres-
sivity and localization of homoeotic structures. Complementary tables 
with variables for modified head structures and homoeotic tissues were 
constructed for each stock. No anal plate was observed in females of 
the tuh-1; sbd tuh-3 stock. Females 
BOC 
of the tuh stock possessed 
neither anal plate nor vaginal tissue. Emphasis was placed on those 
heads that included genital structures. Female abnormalities of the 
tuh(UCF), tuh(CT) and tuh(ASU) stocks possessed any combination of 
vaginal teeth, vulvar papillae, sensilla trichodea, 6th, 7th or 8th 
abdominal tergite, anal plate, and leg. Anal plate was observed in 
the prefrons and rostral membrane while all other genital disc deriva-
tives were intimately associated with modified shingle cuticle. Male 
abnormalities included transformation of head to penis (dorsal and 
ventral paramere), hypandrium (large or small bristles and hairs), 
clasper teeth, lateral plate, anal plate, 6th abdominal tergite and 
leg. Composite mapping indicated that different abnormalities often 
overlapped in their distribution in the head. But the appearance of 
any combination of abnormalities in the fly head followed a serial 
distribution relative to the antero-posterior axis of the insect that 
paralleled that seen in the posterior of the fly. 
INTRODUCTION 
Homoeosis is the term used to describe the replacement of normal 
anatomical structures with those found elsewhere on the body (Bateson, 
1894). The tumorous-head (tuh) mutant of Drosophila melanogaster is 
one of the most popular of the homoeotic mutants for the study of 
determination and gene regulation (Gardner, 1970.) 
W. W. Newby (1949), pioneering the analysis of the tuh phenotype, 
described both partial replacements of antennae with leg tissue and 
unidentifiable growths from the head. Postlethwait et al. (1972) 
found tuh deviations including posterior abdominal tergite growths in 
the eye and leg tissue in the antenna. They likewise determined the 
presence of genital structures including clasper teeth and anal or 
lateral plate tissues in the male and anal plate in the female 
rostralhaut region of the head. Kuhn and Dorgan (1975) established, 
for the first time, the presence of female genital tissue in the form 
of vaginal teeth. 
Bournias-Vardiabasis and Bownes (1978) have studied the phenotype 
of the developmentally abnormal tuh egg and found that most apparent 
aberrations are revealed during blastogenesis and gastrulation and 
involve the anterior 1/4 of the egg. In some instances, a failure of 
nuclei to migrate into the anterior cortical cytoplasm was observed in 
early development. On other occasions, the embryonic head failed to 
involute during gastrulation. However, some anomalies involve the 
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posterior of the egg or materialize at a late stage and prevent the 
embryo from hatching. Schubiger (unpublished) has observed defective 
tuh larval offspring with polarity reversals similar to those seen 
with the bicaudal mutant. Bicaudal is a second-chromosome maternal-
effect lethal mutant that demonstrates two partial larval abdomens in 
mirror image symmetry to one another (Bull, 1966). These observations 
suggest that enlightening events pertinent to tumorous-head develop-
ment are never expressed in adult flies. Kuhn et al. (1979) 
have demonstrated through excision and transplantation of abnormal tuh 
tissue, that the phenotype is autonomous and reflects an altered state 
of determination. 
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The two genes responsible for the tumorous-head phenotype 
(Gardner and Woolf, 1949) are tuh-1h, a maternal effect gene mapped to 
approximately position 1-65.3 (Woolf and Passage, 1980) and a third 
chromosome defect designated tuh-3 and mapped to the right of the 
bithorax complex at 58.8+ (Kuhn et al. 1981). h The tuh-1 gene and its 
allele tuh-1g are wild-type genes, expressing no mutant phenotype in 
the absence of tuh-3. The maternal effect gene, tuh-lg is expressed 
as failure of the seminal vesicles to attach to the testes and results 
in bean shaped or sac testes when accompanied by tuh-3 (Woolf, 1966). 
Temperature sensitivity studies (Gardner and Woolf, 1950; Bournias-
Vardiabasis and Bownes, 1978) have shown that the active period for 
tuh-1h is indiscriminate for all of oogenesis and that tuh-3 is active 
primarily between 8-12 hr of embryogenesis. 
A chromosomal dimorphism (Woolf and Phelps, 1960) exists within 
the tumorous-head strain. Two types of chromosomes, symbolized 3A and 
3B are present. · Chromosome 3B contains the recessive gene for scarlet 
eyes (st) in the left arm, the Payne inversion (In(3L)P) in the right 
arm and is homozygous lethal. Homokaryotypes are less viable and 
produce fewer offspring than the heterokaryotypes (Woolf and Church, 
1963). The penetrance of the mutant gene tuh-3 is influenced by 
modifiers that act in oogenesis (Woolf and Passage, 1980). 
Oogenesis is completed in approximately 72 hr (King, 1970) during 
which time yolk is synthesised and deposited, membranes are formed and 
the cytoplasmic milieu is established. The organization of the 
fertilized egg is apparent through nuclear position, egg shape and 
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organelle distribution. Polar and ventro-dorsal patterns are evident 
in the follicular tubules. The two ovaries lie side by side in the 
abdomen with apical ends directed anteriorly and are composed of 
follicle strings or ovarioles. Anteriorly, each ovariole has an 
ellipsoidal chamber, the ·germarium, posterior to which lie 
successively more mature follicles (Miller, 1950). Each follicle 
normally consists of 15 nurse cells positioned anteriorly to one 
oocyte and enveloped by a layer of follicle cells. These 16 cells 
derive from four consecutive synchronous divisions of an oogonia 
(Miller, 1950; King et al. 1956). The convex side of the egg is 
ventral and outward relative to the ovary and the flat side, dorsal 
and inward. The youngest follicles in the apical region of the string 
show no evidence of ventro-dorsality but the 6th or 7th follicle from 
the apex, and those distal to this exhibit ventro-dorsality and 
chorionic appendages (Child, 1942). 
Reduction of the dyes Janus green and methylene blue begins 
apically and moves posteriorly. Apical follicles become colorless 
while basal follicles are still deeply colored and nurse cells reduce 
earlier than the oocyte (Child 1942, 1943). In the mature egg wi th 
nurse cells resorbed, dye reduction still progresses posteriorly but 
the gradient is slight. Child suggests that the reduction gradi ent 
reflects the physical determination of the basal cell to become an 
oocyte and the establishment of the longitudinal pattern of the mature 
egg. Fertilization marks the commencement of embryogenesis and nuclear 
division. During embryogenesis, 12-13 synchronous nuclear divisions 
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that provide approximately 5000 nuclei for cellular blastoderm forma-
tion are completed by 2. 5 hr (Rabinowitz, 1941) or 3 hr (Bownes, 
1975). 
Following the seventh nuclear cleavage, at 90 minutes after egg 
deposition, the first nuclei ·migrate to the pole plasm at the pos-
terior of the egg where they will form pole cells, the germ cell 
precursors (Mahowald 1962, 1968). Polar granules stain darkly with 
indium dye in the mature egg indicating the presence of copious RNA 
(Mahowald, 1968). Following fertilization, polar granules disaggre-
gate, their ability to bind indium decreases, and polysomes are 
observed associated with them. At blastoderm, polar granules reaggre-
gate and staining no longer occurs. Mahowald (1971) proposes that 
maternal mRNA is concentrated in the polar granules during early 
embryogenesis and that the polysomes associated with the granules 
influence development in the posterior of the egg. 
Chan and Gehring (1971) cultured Drosophila blastoderm cells in 
vivo and established, by intermixing genetically marked cells, that 
they were restricted in their potential for forming anterior or 
posterior structures. Schubiger and Wood (1977) have transversely 
ligated embryos prior to the cellular blastoderm stage and found that 
the anterior and posterior larval segments differentiate normally 
while those in the middle regions suffer segment deficiencies. If the 
ligation is discontinued, the effects are reversible. If ligation is 
performed after the cellular blastoderm stage is attained, there is no 
longer a decrease in segment number. Ligation of 15-30 min old eggs 
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indicates that determinants that specify anterior and posterior are 
already present. This implies that development prior to blastoderm 
observes a continuum and after blastoderm is mosaic. 
The compound eye of Drosophila consists of ~BOO ommatidia 
arranged in a hexagonal array. Inside each ommatidia are eight photo-
receptor cells arranged in an assymetrical trapezoidal pattern 
(Trujillo-Cenoz et al. 1965). Ready et al. (1976) demonstrated that 
the photoreceptor clusters are formed along an advancing edge as in 
crystalline growth. The advancing edge, called the morphogenetic 
furrow is oriented dorso-ventrally and moves along the eye disc from 
posterior to anterior. In the early third instar eye disc, an 
anterior-posterior groove can be seen that is obliterated by the 
advancing morphogenetic furrow in later development. Posterior to the 
furrow line lie the mature photoreceptor cells and the line of pattern 
inversion or equator. Ready suggests that the equator may act as a 
clonal restriction line. The equator need not run horizontally across 
the adult eye but may jump one or two ommatidial rows dorsally or 
ventrally. Campos-Ortega and Waitz (1978), using clonal techniques, 
demonstrated that the line of pattern inversion and the clonal 
restriction line that extends horizontally through the eye are topo-
graphically related, but do not coincide. They indicated that there 
are five clonal restriction areas formed by one vertical and three 
horizontal restriction lines. The vertical line approximately 
separates the posterior 1/3 eye facets from the others. 
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Investigations conducted by Clark and Russell (1977) on a 
Drosophila cell lethal mutant whih mapped to position 1-65.9 indicated 
that the eye facet region of heat treated disc derivatives was fre-
quently deficient. Cellular examination of heated treated discs 
demonstrated an elevated number of lysosomes correlated with induced 
deficiencies, in the area that Gehring (1966) indicated was the high 
point in the "gradient of developmental capacity." This area is in 
the lower eye facet region. 
Regeneration can occur unless cell death is sufficient to produce 
disc fragments similar to those made by surgical dissection. Wound 
healing by disc fragments leads either to regeneration of missing 
elements or duplication of the portion present. (Schubiger, 1971; 
Bryant, 1975). Bryant (1971) interprets a disc fragment's "decision" 
to regenerate or duplicate in terms of a gradient of developmental 
capacity. A high point in this gradient can regenerate a lower point 
but the reverse is not true. A low point must duplicate. Cell death 
in the high point leads to duplication hence pattern disruption while 
cell death in a low point initiates regeneration. 
White (1963) indicated a similar "morphological differentiation 
center" whose activity is essential to the differentiation of the 
whole eye, in the mid-posterior edge of the presumptive eye in the 
mosquito, Aedes aegypti. White tentatively proposed that prospective 
eye cells in the region of the differentiation center ·nitially pro-
duce the eye determining factor and hence initiate eye development. 
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X-ray induced somatic recombination (Becker, 1957) demonstrated 
frequent mosaic wedges radiating from the posterior eye facet area. A 
gradient of mitotic activity seemed to be established with its center 
at the midposterior region of the eye. In the larger mosaics, a 
horizontal borderline through the middle of the eye was observed 
indicating that the cell lineages of the upper and lower halves of the 
eye were largely separated. Baker (1978) produced Minute (M) clones 
using X-ray induced mitotic recombination. The earliest and most 
striking clonal restriction line observed, divided the eye into 
anterior and posterior portions. This line extended dorso-ventrally 
from the vertical setae to the lower postorbital region such that the 
posterior restriction area encompassed approximately the posterior 1/3 
eye facets, the vertical setae, the first 12 postorbital bristles and 
a portion of the postgena. 
There is uncertainty as to whether the eye-antennal imaginal disc 
has one or two primordial origins (Morata and Lawrence, 1978), conse-
quently we consider shingle cuticle precursor cells to be the distal 
border of the eye portion of the eye-antennal disc. Gehring (1966) 
has shown that the eye portion of the eye-antenna! disc consistently 
regenerates antenna after in vivo culture while the antenna is capable 
only of duplicating itself. The region specific transformations o f 
homoeetic mutants including Nasobemia, Antennapedia and opthalmoptera 
sugges t that the antenna! and eye portions of the disc r espect·vely, 
may be equivalent to the ventral and dorsal discs of one segment 
(Gehring, 1966). 
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Weischaus and Gehring (1976) indicated that there are approx-
imately 13 eye-antennal disc precursor cells at 10 hr of embryo-
genesis. Their analyses disclosed clonal overlap between the antenna 
and other adult cuticular head structures with a frequency of "'20% 
when irradiation was executed at 3 or 7 hr into embryogenesis and with 
a frequency of "'9% when irradiation was performed at 10 hr into 
embryogenesis. Antero-posterior compartmentalization in the fly head 
has been established (Morata and Lawrence, 1979) at "'96 hr into 
development in contrast to wing (Garcia-Bellido et al. 1973, 1976) and 
leg (Steiner, 1971) disc compartmentalization achieved in the 
blastoderm. Morata and Lawrence demonstrated that the posterior 
compartment lies wholly within the antennal disc while the anterior 
compartment includes derivatives from both the eye and antennal por-
tions of the complex disc. 
Separate primordia exist for the male and female genitalia. The 
analia, however, are homologous and arise from a single common origin 
Nothiger et al. (1977) showed that female derivatives developed only 
when their imaginal equivalents were populated with cells containing 
XX nuclei and the male derivatives developed when their primordial 
cells contained XY or XO nuclei. Gynandromorphs showed results rang-
ing from no genitalia to almost complete sets of both male and fema le 
gentalia. The same dimorphism was illustrated by the recessive mutant 
double-sex (dsx) which transforms genitalia into a mosaic of incom-
plete male and female structures (Hildreth, 1965). The female genital 
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structures mapped ventrally to the male structures as would be 
expected from a composite male-female fate map. 
The intention of this study has been to: 1) identify the maximum 
expression of the homoeotic transformations of tuh(UCF), tuh(CT), 
tuh-1; sbd tuh-3, tuhBOC and· tuh(ASU), and study modifications of 
normal head tissues, 2) map precisely tumorous-head abnormalities in 
the head of tuh(UCF), 3) determine whether the homoeotic manifesta-
tions are region specific and respect developmental restrictions, and 
3) expose any liaison between the normal terminalia and the distribu-
tion of genitalia in the head of homoeotically transformed flies. 
MATERIALS AND METHODS 
I. Mapping of tumorous-head eye abnormalities 
a) Drosophila melanogaster stock used. Tumorous-head, obtained from 
Arizona State University originally, but modified through repeated 
selection for head abnormalities, now designated tuh(UCF), were raised 
at room temperature on a standard Drosophila culture medium. Canton-S 
and Oregon-RC were raised under the same conditions and used in the 
preparation of control slides. See Lindsley and Grell (1968) for 
descriptions of the genes and Drosophila strains used. 
b) Procedure. Two hundred flies were hydrolyzed in a 5% KOH 
solution. Each fly was decapitated and the heads placed in lacto-
phenol on slides and left uncovers lipped. Camera lucida drawings 
depicting anterior and posterior head were made using a Wild stereo-
scopic microscope X80. 
From the drawings an average number of bristles for each group 
encompassing the eye was determined. An optical comparator with 
reticle graduated to read to . 1mm was used to determine distances 
between diverse groups of bristles and those within a group. The data 
from the 200 heads were averaged and a standard bristle pattern with 
respect to the eye was obtained. 
Length and width of each eye were measured and averaged in order 
to construct a model of the "typical" eye. Conversion factors were 
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applied to each abnormal eye to adjust its dimensions to that of the 
model eye. Locations of abnormalities within the eye were determined 
by their various positions along the length and width axes, and situa-
tion with respect to the vibrissae, vertical setae, frontoorbi tal, 
orbital and postorbital bristles. 
II. Identification of abnormalities and mapping of genital structures 
a) Drosophila melanogaster stocks used. All stocks were raised at 
room temperature on a standard Drosophila culture medium. 
1) Canton-S and Oregon-RC were used in preparation of control slides. 
2) The tuh(UCF) stock was originally obtained from ASU and modified 
at UCF through repeated selection for head abnormalities. This strain 
was obtained from the mother stock in 1965 so that there has been 
ample time for genetic divergence. 
3) tuh-1; sbd tuh-3 was obtained from a recombinant event in a 
sibling of a cross between tuh(UCF) and sbd2 bx3 pbx/TMl. 
4) tuh(ASU) has been maintained by Charles M. Woolf, now at Arizona 
State University, since 1949. 
5) tuh(CT) has been maintained at the California Institute of 





tuh was obtained by the author by treating male Oregon-RC 
flies with the chemical ethylmethanesulfonate and subsequently 
mating these with female v tuh-1/Y; ru E(tuh-1) ca. 
b) Procedure. Previous work has indicated that basic hydrolysis, 
while successfully dissolving soft internal tissue and leaving the 
intact cuticle, modifies the pigmentation of tissues and bristles. The 
integrity of the cuticular pigment was maintained in this study by 
dissecting open the back of the fly head and manually removing haemo-
lymph and eye pigments. Fly heads were then unfolded and flattened in 
Faure's mounting medium on a slide so that cuticular tissue could be 
examined in one plane. 
Data were collected from 212 female and 116 male half-heads. 
Each half-head derives from a separate eye-antenna! disc, hence is 
considered independently. 
The criteria used for tissue typing were: 
1) pattern and dimensions of bristles 
2) extent of bristle striation 
3) pigment of bristles 
4) presence and distribution pattern of trichomes 
5) color of tissue 
Figures 8 and 10 are composite mappings of genital structures. 
An ocular micrometer was used to localize genital structures in the 
head. Abnormalities were mapped onto a diagramatic head representa-
tion (camera lucida drawn to micrometer scale) employing a normal 
antenna as origin of reference. 
RESULTS 
Developmental restrictions in the tumorous-head eye 
A complete composite of all eye abnormalities mapped is illus-
trated in Figure 1. Figures 2, 3, 4, 5, 6, and 7 reflect the same 
anomalies exhibited in Figure 1, but they have been separated relative 
to size and position in the eye. Three restrictive margins exist. 
Figures 1, 2, and 3 indicate that a large number of irregularities are 
confined to either the anterior or posterior side of a dorso-ventrally 
oriented restriction line that lies slightly posterior to the medio-
lateral axis of eye. Those abnormalities exhibited in half-heads 
demonstrating extensive reductions of the ommatidial number fail to 
observe this line. 
At about 130 ~m down the longitudinal axis from the dorsal-most 
eye a region of high activity (HA) was observed (Figure 2). It lies 
on the anterior-posterior restriction line slightly above the hori-
zontal bisector of the eye and expresses a high concentration of 
abnormalities. 
Approximately 40 ~m ventral to the top of the eye, there is a 
rather nebulous horizontal restriction line inasmuch as abnormalities 
more frequently exceed it than the previously described line. In the 
lower quadrant, roughly 50 ~m from the bottom of the eye, there is 
another weak restrictive region. Small, isolated abnormalities 
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circumscribed by ommatidia were infrequently documented in this area. 
Figures 4 and 5 indicate abnormalities that exceed the dorsal and 
ventral restriction lines respectively. Deviations in this neighbor-
hood generally border a reduced eye. 









Drosophila eye drawn to the dimensions determined by averag-
ing data from 200 fly heads. Accompanying bristles are 
shown with the average distance between adjacent bristles. 
Abnormalities are represented by the area inside each black 
line. 
A complete composite of all abnormalities mapped is shown 
here. A restrictive line can be seen 40~ down from the top 
of the eye, another at 50~ from the bottom of the eye, and a 
third anterior-posterior line behind the mediolateral line. 
Anterior is shown to the left, posterior is to the right. 
A composite of those anterior abnormalities that to a large 
extent obey the upper and lower horizontal restriction lines 
and well define the anterior-posterior line. 
Demonstrates those abnormalities that lie posterior to the 
anterior-posterior line and largely define the line. 
Composite of reduced eyes with abnormality replacing the 
upper ommatidia! region. These do not define the anterior-
posterior line. 
Composite of reduced eyes where the abnormality has replaced 
the lower ommatidia! region and often the vibrissae (lower 
bristles) as well. Many of these define the lower hor-
izontal restriction line but none obey the anterior-
posterior line. 
Composite of those abnormalities that neither result in 
excessively reduced eyes nor conform to any of the three 
restriction lines. 
Shows all the eye regions devoid of ommatidia found in this 
random sample of flies. Most of these abnormalities als o 
result in loss of all surrounding bristles. 
A, antenna; FO, frontoorbital bristles; 0, o r b i ta l bristle s ; 
PO, postorbital bristles; V, vertical b ristles; VS, 
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Examination of 212 female tuh(UCF) half-head preparations was 
conducted to identify and localize abnormalities. Flies were not 
selected randomly for abnormalities. A preliminary examination of 300 
flies (Cook and Kuhn, unpublished) indicated that tuh(UCF), like other 
tumorous-head stocks demonstrated abdominal tergite as the exclusive 
homoeotic transformation in the dorsal and posterior portions of the 
head. Therefore, fly heads selected for examination in this study 
were primarily those with antennal or anterior eye abnormalities. 
Female homoeotic transformations of head to 6th, 7th and 8th 
abdominal tergites, leg, vaginal teeth, vulvar papillae, sensilla 
trichodea and anal plate were observed. Abnormal shingle cuticle of 
the lateral ptilinal suture was invariably associated with head trans-
formations to vaginal tissue. Frequently, the shingle cuticle was 
visibly amplified and a gradual transition in morphology could be 
observed between the papillae of the shingle cuticle and that of the 
vulva. Vaginal tissue, including any combination of vaginal teeth, 
vulvar papillae and sensilla trichodea often replaced eye facets as an 
extension of modified lateral shingle cuticle but was never circum-
scribed by ommatidia. Dorsal shingle cuticle, associated with the 
medial ptilinal suture was occasionally modified in appearance but 
never bore homoeotic tissues. 
Genital tissues can be localized and mapped in the fly head using 
a normal antenna proper as the origin of reference. Fig. Ba-d 
represents composite mappings of female genital structures that could 
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be accurately localized in the fly head. If the eye, antenna, or both 
were highly irregular and positional information greatly disrupted, no 
attempt was made to incorporate exhibited genital structures into the 
composite maps. A composite drawing of vaginal teeth indicated by 
stipples is shown in Fig. 8a. · They ranged in position from the pre-
sumptive orbital bristle region to the vibrissae. Vulvar papillae 
(Fig. 8b) were more extensively distributed in the anterior and 
ventral directions than were vaginal teeth. Eighth abdominal tergite 
bristles (Fig. Be) did not extend into the intra-antenna-proper area 
but had a diverse range of potential locations and extended further in 
dorsal and posterior directions in the head than did any other genital 
structures. Anal plate tissues were demonstrated in only five female 
half-heads and have been mapped to their respective positions in Fig. 
8d. They were observed to have a more confined distribution than 
either 8th abdominal tergite or vulvar papillae and a comparably sized 
but different distribution than that exhibited by vaginal teeth. In 
general, head transformations to female anal plate were ventral with 
respect to vaginal teeth. 
Fig. 9a illustrates two vaginal teeth adjacent to a normal third 
antennal segment, one 8th abdominal tergite bristle ventral to the 
vaginal teeth and 7th abdominal tergite. In Fig. 9b, the antenna is 
normal but the postfrons exhibits a duplicated ocellus, duplicated 
interocellar bristles, no orbital or frontorbital bristles, and ampli-
fied medial shingle cuticle. Eye facets on the left side of the fly 
head have been completely replaced by vaginal teeth anteriorly and 7th 
Fig. Ba-d. Illustrations of female genital structures localized in 
the profile of homoeotically transformed tuh flies. a Stipples 
represent the composite mapping of vaginal teeth. They range in 
position from the presumptive oribtal bristle region to the vibrissae. 
b Indicates the distribution of vulvar papillae to be more extensive 
in the anterior and ventral directions in the head than vaginal teeth. 
c 8th abdominal tergite bristles, represented by stipples, have a 
greater diversity of potential locations in the head than do any other 
genital structures. They extend from the presumptive vertical setae 
area to the rostral membrane. d Maps the distribution of female anal 
plate in the head. This transformation shows less versatility in its 
potential distribution than do other female genital abnormalities. 
A, antenna; FO, frontoorbital bristles; o, orbital bristles; 
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Fig. 9a-i. Topography of various adult abnormalities in the heads 
of homoeotically transformed tuh flies. a Illustrates two vaginal 
teeth adjacent to the 3rd antenna! segment of a normal antenna proper, 
one 8th abdominal tergite bristle ventral to the vaginal bristles and 
7th abdominal tergite dorsal to the vaginal teeth. The eye facets are 
greatly reduced in number and the genital tissue is on the presumptive 
suture line between the eye and antenna! disc derivatives. 
b Expresses vaginal bristles in the anterior eye and accentuates 
their association with shingle cuticle. The 7th abdominal tergite is 
present in the presumptive posterior eye and the dorsal head bears 
four ocelli. c Exhibits vulvar papillae in the prefrons intercalated 
between the 3rd antenna! segment and the eye proper. d Higher mag-
nification of c distinctly expresses white selerotic vulvar papillae. 
e Represents a head transformation to vaginal teeth, langborsten, 
vulvar papillae, sensilla trichodea and 7th abdominal tergite. 
f Expresses the presence of anal plate and 8th abdominal tergite 
bristles in the prefrons region dorsal to the vibrissae. g Closely 
associated male clasper teeth and lateral plate ventral to a 3rd 
antenna! segment. h Exhibits abnormal tissue bearing clasper teeth 
projecting out of the 2nd antenna! region. i Illustrates male 6th 





abdominal tergite posteriorly. Vulvar papillae, intercalated between 
a normal antenna proper and abnormally enlarged shingle cuticle are 
exhibited in Fig. 9c and at a higher magnification in Fig. 9d. Fig. 
9e presents a tuh(UCF) homoeotic transformation of head to vulvar 
papillae, vaginal teeth, langborsten, sensilla trichodea and 7th 
abdominal tergite. In Fig. 9f, anal plate is displayed in the pre-
frons anterior to 8th abdominal tergite bristles. The eye and antenna 
proper are normal but the vibrissae is reduced. 
Table 1 indicates the frequencies of various homoeotic trans-
formations and modified normal head structures in female tuh(UCF) 
flies . Posterior abdominal tergite was present more frequently than 
any other homoeotic transformation. Tergite tissues were not 
restricted to the eye proper and ranged in position from the ventral 
presumptive palpus to the vertical setae region. Sixth, 7th and 8th 
abdominal tergite had a sequential distribution analogous to the 
reversal of their positions at the posterior end of the fly. Relative 
to 7th tergite, 8th tergite inhabited an anterior position and 6th 
tergite was observed posteriorly. Abdominal tergite in both male and 
female abnormal heads was the only homoeotic transformation observed 
circumscribed by ommatidia. In 86.8% of the female half-heads, 6th or 
7th abdominal tergite was observed and 46.7% of the half-head prepara-
tions expressed 8th tergite bristles. Anal plate was present less 




Frequencies of various abnormalities from 212 female tuh(UCF) half-
heads. Refer to Table 2 for key. 
Abnormality 11 % 
abs vib 64 30.2 
mod vib 81 38.2 
abs palp 74 36.3 
mod palp 35 16.5 
abs omm 65 30.7 
dup ocelli 34 16.0 
dup antn 20 9.4 
red antn 17 8.0 
leg antn 23 10.8 
antn prob 49 23.1 
6th or 7th a.t. 184 86.8 
8th a.t. 105 49.5 
vagn 98 46.2 
anal 1 0.5 
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The frequencies of some concerted abnormalities are presented in 
Table 2. Sixth or 7th abdominal tergite was present in 97.0% and 8th 
tergite bristles were observed in 57.0% of those female preparations 
that lacked eye facets. Only 59.0% of those fly head preparations 
with 8th tergite bristles had vaginal tissue whereas 97.0% had 
concurrent 6th or 7th abdominal tergite. Of those preparations 
exhibiting vaginal tissue, 41.0% had no ommatidia and 21.0% had 
antennal abnormalities including duplications, reductions or trans-
formations to leg. Palpi were absent in 70.3% and ommatidia were 
absent in 71.9% of those female half-heads with no vibrissae. 
Table 3 presents the observed and expected values for any 
bivariate combination from 12 different abnormalities in females of 
the tuh(UCF) stock. Statistically significant differences (SSDs) 
between expected and observed values were determined through the 
chi-square test and are indicated in bold type. Differences were 
considered significant if the chi-square value obtained exceeded 3.841 
and the probability of the difference being due to chance alone was < 
5%. SSDs, in each case, reflect a positive interaction between the 
two abnormalities i.e. , the two abnormalities are observed together 
more often than would be expected if they were independent events. 
Abdominal tergite tissue and vaginal tissue are frequently observed 
concurrently with modifications and deletions of vibrissae, palpi and 
ommatidia. In each of these comparisons, the probability was < . 5% 
that the two events were independent i.e., X2 > 7.879. Modifications 
and omissions of vibrissae and palpi are also intersecting events in a 
Table 2. Expresses the conditional probability of event B occurring 
given that event A has occurred, in the tuh (UCF) strain. 
P(B/A) = P(AB) 
P(A) 
(The conditional probability of B given A is equal to the probability 
















duplications, reductions or leg from antenna 
proper 
abdominal tergite tissue 
clasper teeth 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































statistically significant number of cases (probability of dependence 
is again > 99. 5%). There is a considerable overlap in those half-
heads bearing modifications or omissions of vibrissae or palpi and 
those expressing no ommatidia, duplications of ocelli and antennal 
anomalies. SSDs between observed and expected values for sixth and 
seventh abdominal tergite expressed contemporaneously with both 
vaginal tissue and 8th abdominal tergite as well as the concommitant 
expression of 8th abdominal tergite and vaginal tissue (probability of 
the two events being independents is> .995 in each case). 
TABLE 3 
The fraction on the far left of each horizontal row represents the 
frequency of the event to its left or directly above it at the top of 
the Table. All other squares represent the intersection or the con-
current expression of the event to the far left of the Table and the 
event at the top of the Table. Each of these squares contains t wo 
numbers. The top value is the observed number of times the two 
anomalies occurred contemporaneously. The bottom number is the va lue 
expected if the two abnormalities are independent events. 
For two abnormalities A and B: 
P(A) = #A + #AnB. The probability of event A occurring is equa l to 
the total number of heads that contain abnormality A added to t he 
number of heads that simultaneously express abnormalities A and B. 
P(B) = #B + #AnB E = P(A) x P(B) 
Those combinations of abnormalities significant at the 95% confi dence 
level (95% probability that they are not independent eve n t s) are 





absent or modified 
6th abdominal tergite or 6th a.t. 
6th or 7th abdominal tergite 
8 th abdominal tergite 

























































































































































































































































































































































































































Male Transformations tuh(UCF) 
A total of 116 male tuh (UCF) half-heads were examined. A pre-
vious investigation (Cook and Kuhn, unpublished) indicated that male 
genital structures were found in the antennal disc derivatives and 
that occasionally clasper teeth or penis tissue could be observed 
beneath a stereoscope. When male half-heads expressed discernable 
genital tissue, they were selected for dissection. If no genital 
structures were visible, half-heads were chosen with antennal abnor-
mali ties of any type. When half-heads with antennal anomalies were 
unavailable, those with other head disruptions were dissected and 
analyzed. Therefore, the selection technique was not random with 
respect to the entire head, but was with respect to concurrent abnor-
malities. Transformations of male head to genital tissue including 
penis (dorsal and ventral paramere), hypandrial hairs and bristles, 
clasper teeth, lateral plate and anal plate, invariably involved but 
were not confined to the antenna. Sixth abdominal tergite and leg 
were also observed in male homoeotic abnormalities. 
Fig. lOa is a composite drawing of only the individual clasper 
teeth that could be accurately localized relative to a normal antenna 
proper. They are frequently expressed in the prefrons beside or 
beneath the third antennal segment. Clasper teeth were occasionally 
observed in the rostral membrane region but this was the exception 
rather than the rule and applied only occasionally when the head was 
extensively abnormal. Homoeotic transformations of head to lateral 
plate were compositely mapped to illustrate highest densities in the 
Fig. lOa-c. Illustrations of male genital structures localized in 
half-heads of homoeotically transformed tuh flies. a Stipples 
represent the composite mapping of clasper teeth. They are usually 
restricted in distribution to the prefrons. b Represents lateral 
plate expression in the head. It largely overlaps that of clasper 
teeth but extends into the presumptive eye region. c Diagrams the 
localization of male anal plate in the fly head. These regions 
overlap but are largely ventral to those areas competent for trans-
formation to lateral plate. A, antenna; FO, frontoorbital bristles; 
0, orbital bristles; OM, ommatidia; P, palpus; V, vibrissae. 
a b 
OM--





lateral prefrons and presumptive anterior eye (Fig. lOb). Fig lOc 
indicates that the potential transformation region of head to male 
anal plate largely overlapped that of head to female anal plate. Anal 
plate was most often expressed in the rostralhaut. It cannot be over-
emphasized that these maps indicate only a fraction of the select 
abnormalities observed. No attempt was made to map homoeotic trans-
formations in fly heads with severely disturbed eyes or antennae. 
Fig. lla exhibits dorsal paramere tissue of the penis distinctly 
confined to the prefrons and ventral to the 2nd antennal segment. The 
antenna proper, the eye and the vibrissae are normal. In Fig. llb, 
both dorsal and ventral paramere are present and occupy a more dorsal 
position than in the previous figure. When transformations of head to 
penis tissue occurred independently of any other abnormalities, the 
penis tissue was confined to the prefrons. If the antenna proper was 
highly modified or the eye facet number greatly reduced, penis tissue 
was occasionally observed in the presumptive eye facet or rostral 
membrane area. Concurrent dorsal and ventral paramere did not appear 
to be expressed in any particular order in the head relative to one 
another. Fig. llc demonstrates ventral paramere close to the midline 
of the head with hypandrial bristles, clasper teeth and 6th abdominal 
tergite present in consecutively more distant positions from the line 
of symmetry. Anal plate appears below the clasper teeth in the 
ventral-most rostral membrane. A reduced eye and modified vibrissae 
accompanied by clasper teeth and lateral plate are exhibited in 
Fig. lld. The lateral plate extends into the presumptive eye facet 
Fig. lla-f. Topography of male homoeotic transformations in tumorous-
head. a Illustrates penis tissue in the prefrons. The vibrissae and 
both the eye and antenna proper are normal. b Penis tissue adjacent 
to the 3rd antennal segment. c Exhibits penis, large hypandrial 
bristles, clasper teeth, and anal plate in consecutively farther 
positions from the fusion line of the head. d Expresses penis in the 
pre frons dorsal and anterior to anal plate in the rostral membrane. 
e Demonstrates clasper teeth and lateral plate posterior to a 
slightly modified antenna. The eye facets are reduced in number and 
the vibrissae is modified. f Again establishes the close association 
between clasper teeth and lateral plate. 6th abdominal tergite has 
replaced most of the eye and the antenna is modified with leg. Alii, 
3rd antennal segment; AP, anal plate; CL, clasper teeth; E, eye; 
H, hypandrial tissue; LG, leg; LP, lateral plate; P, penis; 
PF, prefrons; VB, vibrissae; 6th, 6th abdominal tergite. 
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area, the palpus is absent and arista is modified. Fig. 11e presents 
an antenna proper altered by well-camouflaged leg, clasper teeth and 
concurrent lateral plate. The vibrissae is absent and a large portion 
of the eye has been replaced by 6th abdominal tergi te. In both 
Figures 11d and 11e, clasper teeth are closer to the fusion line of 
the head than are the lateral plate tissues. This clasper teeth/ 
lateral plate association is again presented in Fig. 9g. Fig. 9h 
expresses clasper teeth in a more dorsal position than previously 
indicated; appearing as an extension of abnormal tissue out of the 2nd 
antenna! segment region. Fig. 12f again indicates the concurrent 
appearance of penis tissue and anal plate. The eye, antenna proper 
and vibrissae are normal in this half-head. 
anterior and dorsal to the anal plate. 
The penis tissue is 
Table 4 .indicates the frequency at which various anomalous head 
tissues and homoeotic transformations were observed in males. 
Posterior abdominal tergite was observed with greater frequency than 
any other homoeotic transformation as was the case with females, and 
again, tergite was not limited in its distribution to eye disc deriva-
tives only. Fig. 10i illustrates male 6th abdominal tergite in the 
rostral membrane. Sixth abdominal tergite is expressed in male fly 
heads with a frequency of 53. 0%. Male anal plate, like that of 
female, was observed less frequently than any other genital tissue in 
homoeotic transformations. Male anal plate was exhibited with a 
frequency of 11.1% in contrast to 30.0% of the half-head preparations 
that demonstrated lateral plate. 
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TABLE 4 
Frequencies of various abnormalities from 117 male tuh (UCF) half-heads. 
Refer to Table 2 for key. 
Abnormal it~ # % 
abs vib 21 17.9 
mod vib 42 35.9 
abs palp 31 26.5 
mod palp 42 35.9 
abs omm 17 14.5 
dup ocelli 9 7.7 
dup antn 19 16.2 
red antn 18 15.4 
leg antn 21 17.9 
antn probl 46 39.3 
6th a.t. 62 53.0 
lat 35 30.0 
clsp 30 25.6 
anal 13 11.1 
penis 28 23.9 
hypnd 21 17.9 
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The frequencies of various coincidental abnormalities are docu-
men ted in Table 2. In 64.7% of those male preparations that lacked 
eye facets, 6th abdominal tergite was present. Palpi were absent in 
47.6% and ommatidia were absent in 52.4% of those male preparations 
that lacked vibrissae. Penis -· tissue was observed in 76.2% of those 
half-head preparations with transformations to hypandrial tissue. In 
14 of the 16 male half-heads that bore transformations to both penis 
and hypandrial tissues including any combination of large and small 
hypandrial bristles and hypandrial hairs, penis was anterior to 
hypandrium. In the two remaining half-heads, no conclusion as to the 
relative positions of the genital structures could be drawn. These 
half-heads had no eye facets and positional information was disrupted 
significantly. Of the 28 male half-heads that expressed transforma-
tion of head to penis tissue, 14 had accompanying conversions of head 
to clasper teeth. In 13 of these 14 half-heads, clasper teeth were 
posterior (further from the symmetry line of the head) to the penis 
tissue. Eye facets were absent in the remaining half-head and the 
relative positions of the genital structures could not be determined. 
Table 2 indicates that 66.7% of those half-head preparations with 
clasper teeth had concurrent lateral plate. In 18 of the 20 half-
heads bearing both clasper teeth and lateral plate, the former was 
present in an anterior position to the latter. The other two half-
heads exhibited extensive disorganization attributable to the absence 
of some, and modification of other head structures. 
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Male genital structures appearing in the heads of transformed 
flies were not confined to any one_portion of the antenna i.e., they 
were not region specific. These homoeotic structures were distributed 
in a sequential order relative to one another and to the fusion line 
or line of symmetry of the head. The probability (p) that a given 
genital tissue will lie closer to the line of symmetry of the head 
than an accompanying different genital structure is as follows: 
p for: penis > hypandrium > clasper teeth > 
plate > anal plate. 
lateral 
In 46.4%, 57.2%, 76.6% and 94.3% of those half-heads with penis, 
hypandrial tissue, clasper teeth and lateral plate respectively were 
found to have modified or absent vibrissae. These results reinforce 
the gradient hypothesis. The probability that a given abnormality 
will disrupt the vibrissae region is a function of the homoeotic 
structures it possesses. Lateral plate is frequently found in the 
anterior eye and intercepts the presumptive vibrissae region while 
penis tissue is most often observed in the medial prefrons. 
In 57.1%, 47.6%, 66.6%, 88.6% and 84.5% of those male half-heads 
endowed with penis, hypandrium, clasper teeth, lateral plate and anal 
plate respectively, exhibit modifications of the palpus including 
reductions, partial duplications, complete duplications and complete 
omissions. This frequency distribution does not strictly follow the 
classic continuum. Penis tissue, though it is typically located 
farther from the presumptive palpus site than is hypandrium, is 
observed more frequently than the latter with abnormalities of the 
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palpus. Lateral plate and anal plate are more often observed with 
altered palpi than are the other genital structures as Fig. lOb and 
Fig. lOc should indicate. 
When concurrent male genital structures appeared in the head, 
they not only complied with the anterior-posterior clinal variation 
gradient described earlier, but certain structures were habitually 
juxtaposed. Penis and hypandrium, when present in the same half-head, 
were commonly contiguous. The clasper teeth/lateral plate complex was 
another parcel often exhibited in the fly head. But the proximity of 
these bivariates in the head did not necessarily parallel the fre-
quency distributions of individual abnormalities. Table 5 indicates 
the observed and expected values of various tuh (UCF) male bivariate 
combinations. There is a probability of > 99.5% that abnormalities of 
the palpus are not independent of those of the vibrissae. There is a 
< 5% chance that the absence of the vibrissae is unrelated to 
anomalies of the antenna or presence of abdominal tergite. Although 
the absence of vibrissae or palpus is not significantly related to 
anomalies of the antenna, 6th abdominal tergite, penis, hypandrial 
tissue, clasper teeth or lateral plate, the modification of deletion 
of these structures is meaningful. The probability is > 99.5% that 
antennal anomalies including duplications, reductions and leg appear-
ances are related to 6th tergite expression. Observed and expected 
values for the leg and 6th tergite comparison indicate significance at 
the 99.0% level . 6th abdominal tergite exhibits interdependence with 
penis, clasper teeth and lateral plate at the > 99.5% level and to 
TABLE 5 
The fraction on the far left of each horizontal row represents the 
frequency of the event to its left or directly above it at the top of 
the Table. All other squares represent the intersection or the con-
current expression of the event to the far left of the Table and the 
event at the top of the Table. Each of these squares contains two 
numbers. The top value is the observed number of times the two 
anomalies occurred contemporaneously. The bottom number is the value 
expected if the two abnormalities are independent events. 
For two abnormalities A and B: 
P(A) = IIA + /IAOB. The probability of event A occurring is equal to 
the total number of heads that contain abnormality A added to the 
number of heads that simultaneously express abnormalities A and B. 
P(B) = liB + lfAQB E = P(A) x P(B) 
Those combinations of abnormalities significant at the 95% confidence 
level (95% probability that they are not independent events) are 





absent or modified 
6th abdominal tergite or 6th a.t. 
6th or 7th abdominal tergite 
8th abdominal tergite 



































































































































































































































































































































































































































hypandrial tissue and anal plate at the > 95% level . No genital 
structures show interdependence. 
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Female and Male Anomalies tuh(UCF) 
Frequent duplications of frontoorbital bristles, vertical setae, 
ocelli and vibrissae occurred and occasionally an entire duplicated 
antenna proper was observed. 
No homoeotic alterations ·were found in the occipital or ocellar 
regions of the head. The occipital area rarely expressed irregulari-
ties. Few enlargements and only an occasional peripheral tissue 
reduction was observed in the occiput. There were never fewer than 
the normal three ocelli per fly head though frequently four or five 
ocelli were present with duplicated interocellar bristles. Duplicated 
ocelli were frequently observed in half-heads lacking ommatidia. Of 
those female and male half-head preparations bearing duplicated 
ocelli, 79.4% and 66.7% respectively had no ommatidia. 
Table 2 indicates that 94.9% of those female and 99.9% of those 
male half-heads having no palpus demonstrate either modifications or 
deletions of the vibrissae. Alternatively, of those female and male 
half-heads possessing no vibrissae, 93.7% and 85.7% respectively have 
modifications of, or absent palpi. These statistics are significant 
in that they indicate the extent of antennal abnormalities and the 
probability of abnormal tissue traversing the rostral membrane between 
the vibrissae and palpus. The contiguities and frequency distribu-
tions of various concurrent abnormalities should provide an index of 
the proximal spatial relationship of the primordial cells for normal 
head structures at the time of determination. 
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Considering their proximities in the eye-antennal disc, one would 
also expect a positive correlation between alterations of the eye 
proper and deviations in the vibrissae provided that there are no 
extensive primordial cell movements between the onset of determination 
and the imaginal disc phase of development. Indeed, 92.3% and 94.1% 
of those half-heads with no ommatidia have modifications or complete 
omissions of the vibrissae. 
Female and Male Abnormalities tuh-1; sbd tuh-3 
An analysis of 73 male and 69 female half-heads from the 
tuh-1; sbd tuh-3 stock was conducted to identify homoeotic changes and 
modified normal head structures. Tables 6 and 7 indicate the fre-
quencies of numerous abnormalities in this strain while Table 8 
specifies the prevalence of different bivariates. In those fly half-
heads demonstrating, no pal pus, 57. 1% of those female and 92. O% of 
those male have modifications or deletions of the vibrissae. Recipro-
cally, 75. O% and 100% of those female and male half-heads with no 
vibrissae have absent or abnormal palpi including reductions or dupli-
cations. The correlation between palpus and vibrissae in this mutant 
is not as dogmatic as that seen in tuh(UCF). This may largely reflect 
the smaller sample size examined here. No comparison can be made 
between vibrissae and eye proper. At least some ommatidia were pre-
sent in all but one half-head chosen for dissection. 
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TABLE 6 
Frequencies of various abnormalities from 69 female tuh-1· sbd tuh-3 
' 
half-heads. Refer to Table 2 for key. 
Abnormality # % 
abs vib 4 5.8 
mod vib 34 49.3 
abs palp 21 30.4 
mod palp 12 17.4 
abs omm 1 1.5 
dup ocelli 1 1.5 
dup antn 8 11.6 
red antn 9 13.0 
leg antn 16 23.2 
antn prob 25 27.6 
6th or 7th a.t. 44 63.8 
8th a.t. 34 49.3 
vagn 30 43.5 
anal 0 0.0 
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TABLE 7 
Frequencies of various abnormalities from 73 male tuh-1; sbd tuh-3 
half-heads. Refer to Table 2 for key. 
Abnormality # % 
abs vib 3 4.1 
mod vib 41 56.2 
abs palp 25 34.2 
mod palp 11 15. 1 
abs omm 0 0.0 
dup ocelli 0 0.0 
dup antn 8 11.0 
red antn 9 12.3 
leg antn 10 13.7 
antn prob 24 20.5 
6th a.t. 41 56.2 
lat 24 32.9 
clsp 23 31.5 
anal 6 8.2 
penis 12 16.4 
hypnd 17 23.3 
Table 8. Expresses the conditional probability of event B occurring 
given that event A has occurred, in the tuh-1; sbd t uh- 3 
strain. P(B/A) - P(AB) - P(A) 
(The conditional probability of B given A is equal to the probabi l ity 
















duplications, reductions or leg from antenna 
proper 
abdominal tergite tissue 
clasper teeth 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The presence of genital structures and their relative spatial 
positions largely paralleled the observations made for the same 
variables in flies from the tuh(UCF) stock. 
Table 9 indicates the observed and expected values for various 
concurrent female tuh-1; sbd tuh-3 abnormalities. A positive associa-
tion was demonstrated for abnormalities bearing absent or modified (X) 
vibrissae with absent or modified (X) palpus. A probability of > 
99.5% exists that X vibrissae and X pal pus are not independent of 
antennal anomalies, 6th or 7th abdominal tergite (T6/T7), 8th 
abdominal tergite (T8) and vaginal tissue. There is a < 5% chance 
that leg and X vibrissae are independent events. The probability that 
antennal anomalies and T6/T7 are unrelated events is < 0.5%. There is 
a > 99% chance that T8 and vaginal tissue manifestations are assoc-
iated with antennal disruptions. The observed and expected values for 
leg with T6/T7 and leg with T8 are significantly different at the 
97.5% level. The probability that T6/T7 appearances are related to TB 
and vaginal tissue expression or that T8 demonstrates interdependence 
with vaginal tissue is > 99.5%. 
Observed and expected values for combinations of different abnor-
malities in males of the tuh-1; sbd tuh-3 stock are documented in 
Table 10. The probability that modifications or deletions of 
vibrissae are unrelated to X palpus is < 0.005. Statistically signif-
icant differences exist between observed and expected values for X 
vibrissae with any of the following: T6, clasper teeth, lateral plate 
(probability of independence or P (independence) in each case is 
TABLE 9 
The fraction on the far left . of each horizontal row represents the 
frequency of the event to its left or directly above it at the top of 
the Table. All other squares represent the intersection or the con-
current expression of the event to the far left of the Table and the 
event at the top of the Table. Each of these squares contains two 
numbers. The top value is the observed number of times the two 
anomalies occurred contemporaneously. The bottom number is the value 
expected if the two abnormalities are independent events. 
For two abnormalities A and B: 
P(A) = #A + #AnB. The probability of event A occurring is equal to 
the total number of heads that contain abnormality A added to the 
number of heads that simultaneously express abnormalities A and B. 
p(B) = #B + #AnB E = P(A) x P(B) 
Those combinations of abnormalities significant at the 95% confidence 
level (95% probability that they are not independent events) are 





absent or modified 
6th abdominal tergite or 6th a.t. 
6th or 7th abdominal tergite 
8th abdominal tergite 









































































































































































































































































































































































The fraction on the far left . of each horizontal row repre sents t , e 
frequency of the event to i t s left or directly above it at the top of 
the Table. All other squares represent the intersection o r the co -
current expression of the ev ent to the far left of the Table and t e 
event at the t op of the Table . Each of these squares contains wo 
numbers. The top value is the observed number of times t he · o 
anomalies occurred ~contemporaneously. The bottom number is the val!Lle 
expected if t he two abnormalities are independent events. 
For two a bnorma lit i es A and B: 
P(A) = #A + IJAQB . The probability of event A occurring is equal to 
the total numbe r of heads that contain abnormality A added to he 
number of heads t hat simultaneously expres s abnormalities A and B. 
P (B) = liB + IIAnB E = P(A) x P(B ) 
Those combinati ons of abnormalities signi ficant at the 95% confide ce 
level (95% probability that they are not indep endent events) a e 
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< .005%). The probability of hypandrial tissue expression being inde-
pendent of X vibrissae is < 1%. Antennal anomalies, T6, clasper teeth 
and lateral plate are each demonstrated in a significant number of 
half-heads bearing X palpus. 
The probability that T6 and antennal irregularities are unrelated 
is < 1%. T6 
(independence) 
expression is positively correlated with penis (P 
< 5%), hypandrial tissue (P (independence) < 1%), 
clasper teeth and lateral plate (P (independence) < .5% in each case). 
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Female and Male Abnormalities tuhBOC 
Examination of 64 female and 68 male half-heads from the 
tuhBOC stock was conducted to identify and localize abnormalities. 
Tables 11 and 12 report the frequencies of specific female and male 
disturbances respectively while Table 13 documents the proportion of 
half-heads possessing a given anomaly (A) that also bear a second 
different irregularity (B). 
No female half-heads with ommatidia completely absent were 
dissected. The vibrissae was absent in one male and no female half-
head preparations but was modified in 65.6% of the female and 52.9% of 
the male preparations. Leg accompanied antenna! structures in 34.4% 
and 38.2% of those female and male half-head preparations respec-
tively. No female vaginal or anal plate tissues were demonstrated 
though 9.4% of the female preparations exhibited 8th abdominal tergite 
bristles. Observed and expected values for various combinations of 
abnormalities from females of the tuhBOC stock are recorded in Table 
14. There is a statistically significant overlap between the half-
heads bearing irregularities of the vibrissae and those expressing 
disorders of the palpus (the probability that the two events are 
independent is < 0 .5%). Antenna! anomalies, leg or T6/T7 are fre-
quently expressed concurrently with aberrations of the vibrissae and 
palpus. In each case, the probability that the combination. occurred 
due to chance alone is < 0.5%. Statisti cally signi f i cant di f f e rences 
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were discerned between observed and expected values for antennal 
anomalies accompanying T6/T7 or leg expression with T6/T7. 
Table 15 documents observed and expected values for various 
combinations of male abnormalities from the tuhBOC stock. The 
probability that irregulariti.es of the vibrissae and palpus occur 
independently is < 0. 5%. Antennal anomalies, leg tissue or T6 are 
found concurrently with X vibrissae and X palpus at a probability of 
independence, in each case, also < 0.5%. T6 and antennal disorders or 
leg coexist in a half-head with a probability of statistical signif-
icance < 99.5%. 
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TABLE 11 
Frequencies of various abnormalities from 64 female tuhBOC half-heads 
Refer to Table 2 for key. 
Abnormality # % 
abs vib 0 0.0 
mod vib 42 65:6 
abs palp 18 28.1 
mod palp 16 25.0 
abs omm 0 0.0 
dup ocelli 1 1.6 
dup antn 1 1.6 
red antn 1 1.6 
leg antn 22 34.4 
antn prob 23 35.9 
6th or 7th a.t. 49 76.6 
8th a.t. 6 9.4 
vagn 0 0.0 
anal 0 0.0 
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TABLE 12 
Frequencies of various abnormalities from 68 male tuh8°C half-heads. 
Refer to Table 2 for key. 
Abnormality 11 % 
abs vib 1 1.5 
mod vib 36 52.9 
abs palp 15 22.1 
mod palp 22 32.4 
abs omm 0 0.0 
dup ocelli 1 1.5 
dup antn 0 0.0 
red antn 12 17.6 
leg 26 38.2 
antn prob 30 44.1 
6th a.t. 46 67.6 
lat 6 8.8 
clsp 5 7.4 
anal 4 5.9 
penis 7 10.3 
hypnd 3 4.4 
Table 13. Expresses the conditional probability of event B occurring 
given that event A has occurred, in the tuhBOC strain. 
P(B/A) = P(AB) 
P(A) 
(The conditional probability of B given A is equal to the probability 
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The fraction on the far left · of each horizontal row represents the 
frequency of the event to its left or directly above it at the top of 
the Table. All other squares represent the intersection or the con-
current expression of the event to the far left of the Table and the 
event at the top of the Table. Each of these squares contains two 
numbers. The top value is the observed number of times the two 
anomalies occurred contemporaneously. The bottom number is the value 
expected if the two abnormalities are independent events. 
For two abnormalities A and B: 
P(A) = #A + #AnB. The probability of event A occurring is equal to 
the total number of heads that contain abnormality A added to the 
number of heads that simultaneously express abnormalities A and B. 
P(B) = #B + #AOB E = P(A) x P(B) 
Those combinations of abnormalities significant at the 95% confidence 
level (95% probability that they are not independent events) are 





absent or modified 
6th abdominal tergite or 6th a.t. 
6th or 7th abdominal tergite 
8th abdominal tergite 













































































































































































































































































































































The fraction on the far left . of each horizontal row represent s the 
frequency of the event to its left or directly above it at the top of 
the Table. All other squares represent the intersection or the con-
current expression of the event to the far left of the Table and t he 
event at the top of the Table. Each of these squares contains t wo 
numbers. The top value is the observed number of times the two 
anomalies occurred contemporaneously. The bottom number is the value 
expected if the two abnormalities are independent events. 
For two abnormalities A and B: 
P(A) = #A + #AD.B. The probability of event A occurring is equa l to 
the total number of heads that contain abnormality A added to the 
number of heads that simultaneously express abnormalities A and B. 
P(B) = #B + #AD.B E = P(A) x P(B) 
Those combinations of abnormalities significant at the 95% confi dence 
level (95% probability that they are not independent events ) are 





absent or modified 
6th abdominal te r gite or 6 t h a . t. 
6th or 7th abdominal te r gite 
8 t h ab dominal tergite 































































































































































































































































































































































Female and ~tale Abnormalities tuh(CT) 
A study of 56 female and 51 male half-head preparation from the 
tuh(CT) strain was conducted in order to determine expressivity of the 
trait. Tables 16 and 17 indicate the frequencies of specific 
abnormalities in the female and male preparations respectively while 
Table 18 illustrates the probability that two given abnormalities will 
appear in the same half-head. 
In 20.3% and 88.3% of those female and male half-head prepara-
tions respectively, that had no palpus, either irregularities of the 
vibrissae or deleted vibrissae were demonstrated. Reciprocally, 75.0% 
and 50.0% of those female and male half-heads with no vibrissae 
expressed either no palpus or modifications of the palpus. Antenna! 
irregularities including any combination of partial duplications, 
partial reductions, and presence of leg were observed in 58.8% of the 
male preparations. Leg was present with a frequency of 41.2%. 
Antenna! disturbances were less frequent in female preparations. In 
23.2% of the female half-heads that expressed antennal irregularities, 
16.1% exhibited leg. 
The observed and expected values for several different combina-
tions of abnormalities in females of the tuh(CT) strain are recorded 
in Table 19. There is a statistically significant difference between 
the observed and expected values for X vibrissae expressed with X 
palpus or T6/T7. The probability that the values observed indicae an 
association between the abnormalities is > 99.5%. T6/T7 expression is 
positively related to anomalies of the palpus at the same level of 
61 
TABLE 16 
Frequencies of various abnormalities from 56 female tuh(CT) half-heads. 
Refer to Table 2 for key. 
Abnormality 11 % 
abs vib 4 7.1 
mod vib 24 42.9 
abs palp 16 28.6 
mod palp 10 17.9 
abs omm 2 3.6 
dup ocelli 5 8.9 
dup antn 2 3.6 
red antn 7 12.5 
leg antn 9 16.1 
antn prob 13 23.2 
6th or 7th a.t. 46 82.1 
8th a.t. 12 21.4 
vagn 9 16.1 
anal 1 1.8 
62 
TABLE 17 
Frequencies of various abnormalities from 51 male tuh(CT) hal f - head s . 
Refer to Table 2 for key. 
Abnormality 11 % 
abs vib 2 3.9 
mod vib 28 54.9 
abs palp 17 33.3 
mod palp 12 23.5 
abs omm 0 0.0 
dup ocelli 1 2.0 
dup antn 2 3.9 
red antn 14 27.5 
leg antn 21 41.2 
antn prob 30 58.8 
~ 6th a.t. 26 51.0 
lat 14 27.5 
clsp 18 35.3 
anal 5 29.4 
penis 8 15.7 
hypnd 8 15.7 
Table 18. Expresses the conditional probability of event B occurring 
given that event A has occurred, in the tuh(CT) strain. 
P(B/A) = P(AB) 
P(A) 
(The conditional probability of B given A is equal to the probabi l ity of 
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The fraction on the far left· of each horizontal row represents the 
frequency of the event to its left or directly above it at the top of 
the Table. All other squares represent the intersection or the con-
current expression of the event to the far left of the Table and t he 
event at the top of the Table. Each of these squares contains t wo 
numbers. The top value is the observed number of times the t wo 
anomalies occurred contemporaneously. The bottom number is the value 
expected if the two abnormalities are independent events. 
For two abnormalities A and B: 
P(A) = #A + #AnB. The probability of event A occurring is equal t o 
the total number of heads that contain abnormality A added to t he 
number of heads that simultaneously express abnormalities A and B. 
P(B) = 1/B + #AnB E = P(A) x P(B) 
Those combinations of abnormalities significant at the 95% confi dence 
level (95% probability that they are not independent events ) a re 





absent or modified 
6th abdominal tergite or 6th a.t. 
6th or 7th abdomina l t e r gite 
8th abdominal tergite 


















































































































































































































































































































































































significance. Neither X vibrissae or X palpus reveal an affiliation 
to the expression of T8 or vaginal tissue. The probability that the 
expression of T6/T7 is independent of antenna! anomalies or leg is < 
0.005 and < 0.025 respectively. T6/T7 is expressed concurrently with 
T8 and vaginal tissue at the · 97.5% and 99.5% levels of significance 
respectively. 
Table 20 documents the observed and expected values for several 
combinations of abnormalities in males of the tuh(CT) strain. 
Anomalies of the vibrissae are .positively correlated with distrubances 
of the pal pi. The probability that these two events occurred con-
currently as a result of change is < 0.005. Both X vibrissae and X 
palpus are observed with accompanying antenna! irregularities, leg, T6 
and clasper teeth at levels of significance > 99.5%, and with lateral 
plate at a signific~nce level of > 97.5%. Antenna! deviations, 
largely those involving expression of leg occur concurrently with T6 
and clasper teeth at a > 99.5% level of confidence. The probability 
that antenna! irregularities and T6 are unrelated to lateral plate 
expression is < 5%. 
TABLE 20 
The fraction on the far left· of each horizonta l row repre sents the 
frequency of the event to its left or directly above it at the top of 
the Table. All other squares represent the intersection or the con-
current expression of the event to the far left o f the Table and t he 
event at the top of the Table. Each of these squares contains two 
numbers. The top value is the observed number of times the t wo 
anomalies occurred contemporaneously. The bottom number is the va lue 
expected if the two abnormalities are independent events. 
For two abnormalities A and B: 
P(A) = #A + #AnB. The probability of event A occurring is equal t o 
the total number of heads that contain abnormality A added to the 
number of heads that simultaneously express abnormalities A and B. 
P(B) = #B + #AnB E = P(A) x P(B) 
Those combinations of abnormalities significant at the 95% confi dence 
level (95% probability that they are not independent event s) are 





absent or modified 
6th abdominal tergite or 6th a.t. 
6th or 7th abdominal tergite 
8th abdominal tergite 



























































































































































































































































































































































































Female and Male Abnormalities tuh(ASU) 
Tables 21 and 22 document results obtained from the analysis of 
SO female and SO male abnormal half-head preparations from the 
tuh(ASU) strain. Table 23 illustrates the frequencies of a number of 
different deviations in the head given that a specific abnormality is 
present. Vibrissae were modified or absent in 7S. 0% and 72.6% of 
those female and male half-heads respectively that exhibited no 
pal pus. Palpi were duplicated, modified or deleted in 80. O% of the 
female and 100.0% of the male half-heads expressing no vibrissae. 
The observed and expected values for various combinations of 
abnormalities from females of the tuh(ASU) strain are recorded in 
Table 24. With 99 .S% confidence, abnormalities of the palpus are 
related to those of the vibrissae. Both anomalies of the vibrissae 
and those of the palpus demonstrate a positive correlation with 
antennal problems, T6/T7 (probability of significance > 99.5%) or TB 
(probability of significance > 9S%). Modifications or deletions of 
the vibrissae are also positively related to leg and vaginal tissue 
expression. The probability that antennal irregularities including 
duplications, reductions and leg are unrelated to T6/T7 or TB is < 
O.S% or < 1% respectively. T8 and vaginal tissue both express an 
association with T6/T7 at the > 99.S% level of confidence. 
Table 2S documents the observed and expected values for several 
combinations of abnormalities as they appear in males of the tuh(ASU) 
strain. Modifications or deletions of the palpus are related to those 
of the vibrissae at a > 99. S% confidence level. Anomalies of the 
68 
vibrissae or pal pi are posi t ively corre lated with antennal disrup-
tions, T6, clasper teeth and leg. The probability that antenna! 
irregularities are independent of T6, clasper teeth or lateral plate 
is < 0.5%. 6th abdominal tergite expression shows interdependence with 
penis and hypandrium (probability> 95%), l ateral plate (probability> 
99%) and clasper teeth (probability> 99.5%). 
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TABLE 21 
Frequencies of various abnormalities from 50 female tuh(ASU) half-
heads. Refer to Table 2 for key. 
Abnormality # % 
abs vib 5 10.0 
mod vib 25 50.0 
abs palp 16 32.0 
mod palp 4 8.0 
abs omm 2 4.0 
dup ocelli 2 4.0 
dup antn 6 12.0 
red antn 7 14.0 
leg antn 18 36.0 
antn prob 27 54.0 
6th or 7th a.t. 40 80.0 
8th a.t. 15 30.0 
vagn 12 24.0 
anal 1 2.0 
70 
TABLE 22 
Frequencies of various abnormalities from 50 male tuh(ASU) half-heads. 
Refer to Table 2 for key. 
Abnormality II % 
abs vib 1 2.0 
mod vib 21 42.0 
abs palp 11 22.0 
mod palp 9 18.0 
abs omm 0 0.0 
dup ocelli 0 0.0 
dup antn 7 14.0 
red antn 12 24.0 
leg antn 20 40.0 
antn prob 29 58.0 
6th a.t. 31 62.0 
lat 15 30.0 
clsp 22 44.0 
anal 3 6.0 
penis 10 20.0 
hypnd 11 22.0 
Table 23. Expresses the conditional probability of event B occurring 
given that event A has occurred, in the tuh(ASU) strain. 
P(B/A) = P(AB) 
P(A) 
(The conditional probability of B given A is equal to the probability 
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The fraction on the far left. of each horizontal row represents the 
frequency of the event to its left or directly above it at the t op of 
the Table. All other squares represent the intersection or the con-
current expression of the event to the far left of the Table and the 
event at the top of the Table. Each of these squares contains t wo 
numbers. The top value is the observed number of times the t wo 
anomalies occurred contemporane o1 s ly. The bottom number is the value 
expected if the two abnormalities are independent events. 
For two abnormalities A and B: 
P(A) = #A + #AnB. The probability of event A occurring is equa l to 
the total number of heads that contain abnormality A added to the 
number of heads that simultaneously express abnormalities A and B. 
P(B) = #B + 1/AOB E = P(A) x P(B) 
Those combinations of abnormalities significant at the 95% confidence 
level (95% probability that they are not independent events) are 





absent or modified 
6th abdominal tergite or 6th a.t. 
6th or 7th abdomi nal t ergi te 
8th abdominal tergite 

































































































































































































































































































































































































The fraction on the far left of each horizontal row represents the 
frequency of the event to its left or directly above it at the top of 
the Table. All other squares represent the intersection or t he con-
current expression of the event to the far left of the Table and the 
event at the top of the Table. Each of these squares contains two 
numbers. The top value is the observed number of times the two 
anomalies occurred contemporaneously. The bottom number is the va lue 
expected if the two abnormalities are independent events. 
For two abnormalities A and B: 
P(A) = #A + #AnB. The probability of event A occurring is equa l t o 
the total number of heads that contain abnormality A added to the 
number of heads that simultaneously express abnormalities A and B. 
P(B) = #B + #AD.B E = P(A) x P(B) 
Those combinations of abnormalities significant at the 95% confidence 
level (95% probability that they are not independent events) are 





absent or modified 
6th abdominal tergite or 6th a.t. 
6th or 7th abdominal tergite 
8th abdominal tergite 



























































































































































































































































































































































































Mapping of tumorous-head abnormalities in Drosophila reveals some 
areas in the eye proper that are favorable for determination and 
proliferation of abnormal cells. The presumptive facet region, 
particularly the middle posterior facet area, is more often disrup ed 
by abnormalities than any other area of the eye. 
If normal or abnormal cells proliferate during embryonic develop-
ment, then die in first larval ins tar, replacement of the necrotic 
cells would require duplication or regeneration. Regeneration would 
not be phenotypically recognized in adult flies whereas duplications 
would result in multiple normal structures with no accompanying 
homoeotic alterations. Shortest intercalation shows that when less 
than or equal to one-half of the disc is surgically removed, suf-
ficient information is supplied by the remaining cells concerning the 
missing ones that regeneration can follow wound healing. If more than 
one-half of the disc is removed shortes t intercalation leads to dupli-
cation of the remaining portion (Bryant and Hsei, 1977). 
In tumorous-head flies abnormal cells may interfere w'th 
positional information, so that regeneration cannot take place and 
cell death is accompanied by duplication. Examination of tumorous eye 
discs show an extreme reduction in some of them, especially those 
leading to half-heads lacking ommatidia (Kuhn, Andrew; personal 
74 
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communication). This probably indicates the slower growth rate 
associated with abdominal and genital cells. Arking et al. (1975) 
D 
suggested that the ~ gene, which causes eye degeneration and dupli-
cations of antennae and ocelli, acts through cell death. In the 
various tumorous-head mutants we have studied, antennal structures are 
frequently duplicated or amplified into the area of the head normally 
occupied by eye facets; eye facets are never perceptibly increased in 
number. This suggests that the high point in the gradient of develop-
mental capacity (Bryant, 1971) must be located within the eye portion 
of the head and that the entire eye proper is higher on the gradient 
than any of the head cuticle. The ocelli, antennae, and palpi fre-
quently duplicate suggesting that they are lower on the gradient and 
are incapable of regenerating structures. Cell death may initially be 
caused by a homoeotic event. If a cell at blastoderm is determined to 
an abnormal fate, proliferates and separates normally juxtaposed 
cells, these normal cells have essentially been isolated in a manner 
similar to surgical dissection. Positional information at the junction 
between the homoeotic and normal tissue is forfeited and the normal 
cells may either regenerate or duplicate. 
Region HA in the eye is an area of intense abnormal cell prol· -
eration. Many irregularities concentrate this region. This area may 
contain the intersection of the equatorial groove and the anterior-
posterior restricton line. 
76 
Assuming the groove is present as early as first larval instar it 
could serve to orient abnormal cells across the eye disc. The 
mechanism could be a simple tactile response to a morphological 
feature of the disc. 
Kuhn and Walker (1978) have found in aldehyde oxidase studies 
that a larger number of abnormalities are found in re.gion 2, which is 
the center of the presumptive facet region, more than any other area. 
Staining shows that the long axis of the abnormality is usually per-
pendicular to the length axis of the eye. In adult flies, abnor-
mali ties are often oriented this way also, indicating posterior to 
anterior mitotic waves. Mitotic activity appears to follow the same 
wave orientation as the sweeping morphogenetic front does in omma-
tidia! formation. 
Work done by Clark and Russell (1977) on a Drosophila cell lethal 
mutant showed that in heat treated discs the eye facet region was most 
often deficient and showed higher lysosomal activity than the rest of 
the head. They suggest that the high point of the gradient of develop-
mental capacity is in the lower eye facet region. If cell death 
intersects this high point then sufficient localized disturbances may 
lead to fragmentation of the disc and subsequent duplications of 
normal head tissue. 
If region HA represents the high point in the gradient of 
developmental capacity, this region may increase mitotic activity o 
customarily slow growing abnormalities and both facilitate survival 
and increase dimensions of transformations. 
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When female changes include any combination of 6th, 7th or 8th 
abdominal tergite and vaginal tissue , the vaginal tissue, deriving 
from shingle cuticle, almost invari ab ly l ies c loser to the line of 
symmetry of the head. Indeed, there is a s triking similarity between 
the white sclerotic vulvar papillae and t he shingle cuticle. Eighth, 
7th and 6th abdominal tergite tissues respectively, occupy succes-
sively posterior positions to the vaginal tissue . While only 52.5% of 
those half-head preparations bearing 6th or 7th abdominal tergite also 
express 8th tergite bristles, 97.0% of the p r epa rations demonstrating 
8th tergite have concurrent 6th or 7th abdominal tergite. This 
suggests that homoeotic transformat i ons of hea d to 8th abdom·nal 
tergite are largely dependent on trans f orma t i ons to 6th and 7 h 
tergite. Schupbach et al. (1978) have fate mapped t he early embryonic 
stages of development and found that the geni ta l p recursors map quite 
distant from the posterior histoblasts. One would expect a close 
parallel between vaginal and 8th tergite occurrences, since both 
structures derive from the genital disc. Yet only 59% of those 
• 
preparations demonstrating 8th tergite have concurrent vaginal tissue. 
Therefore, the contingency of head trans f o r mations to 8th terg · t 
bristles upon the presence of 6th or 7th t e rgite is likely an indue-
tive event. Determination of anterior b l a s toderm to tergite lineage 
and subsequent proliferation of t he s e abnorma l ly p ositioned cells may 
lead to disturbances in the positional information and cellular inter-
actions. If normal cells are spa tia lly outcompe t ed and die, 7th 
abdominal tergite may proliferate and regenerate 8th tergite bristles. 
78 
The frequent duplications of head bristles, palpi, ocelli and 
antennal tissue further indicate that tumorous-head may involve cell 
death. In 79.4% of those female and 66.7% of those male half-heads 
bearing duplicated (1 or 2 additional) ocelli, eye facets are totally 
absent. In many abnormal heads, it is difficult to determine whether 
the homoeotic structures observed are supplemental tissues or sub-
stitutions for normal head tissues. If the homoeosis is an initial 
determinative event, a reduction in head size may reflect the 
decreased proliferative properties of the abnormally positioned cells. 
The duplications may reflect compensatory measures of normal cells to 
establish imaginal disc dimensions sufficient for proper fusion. If 
abnormal cells proliferate in embryonic development and into first 
larval ins tar but are spatially outcompeted and die, replacement of 
necrotic cells would require duplication or regeneration. Duplica-
tions would result in multiple normal head structures with no 
accompanying homoeotic alterations, an event commonly observed in 
tumorous-head flies. Work by Strub (unpublished) indicates that the 
presence of leg in the antenna! disc derivatives is likely a homoeotic 
terminal regeneration event mediated by cell death and the subsequen 
interaction of nonadjacent cells. The occipital and ocellar regions 
of the head demonstrate no homoeotic alterations. These may be areas 
Strub describes as homoeosis incompetent. They may also be critical 
regions where homoeosis interferes with proper disc fusion. 
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Considering that tuh-3 is active primarily in the first 8-12 hr 
of embryogenesis (Gardner and Woolf, 1950; Bournias-Vardiabasis and 
Bownes, 1978) and that clonal overlap between the anterior and 
posterior compartments is observed through irradiation as late as 
96 hr into embryogenesis (Morata and Lawrence, 1979) suggests that 
tumorous-head abnormalities need not be confined to either the eye or 
antenna. Indeed, we observed many genital abnormalities that over-
lapped both presumptive eye and antenna. Vaginal teeth, vulvar 
papillae, 8th abdominal tergite, female and male anal plate and 
lateral plate were all expressed in the presumptive eye area. 
Homoeotic abnormalities in tumorous-head did not appear to adhere o 
compartmental boundaries. Kuhn et al. (1979) clearly demonstrated 
vaginal tissue deriving from eye disc through in vivo cultures. 
That male genital structures in the eye are the result of exten-
sive proliferation of antenna! abnormalities is undeniable because the 
homoeotic transformations are never demonstrated circumscribed by 
ommatidia or eye disc derived head cuticle. Vaginal teeth, sensilla 
trichodea and vulvar papillae are likewise never observed circum-
scribed by ommatidia but 8th tergite bristles are observed in associa-
tion with 7th abdominal tergite and surrounded by eye disc derived 
cuticle. It is curious that 8th tergite is the only female genital 
tissue that does not invariably show association with the shingle 
cuticle. This and the observation that 97.0% of those half-heads with 
8th tergite have concurrent 6th or 7th abdominal tergite and only 59% 
80 
have concurrent vaginal teeth suggests that the presence of 8th 
tergite may frequently be a regenerative event. 
Shingle cuticle fate maps to a position within the eye disc 
(Haynie, 1975) and transplantation of presumptive tuh abnormalities 
removed from the ventral or central eye disc frequently differentiated 
extensive shingle cuticle (Kuhn et al., 1979; Andrew, unpublished 
data). Our data is most compatible with the view taken by Morata and 
Lawrence (1979) that the eye-antenna! disc should be considered a 
single disc. 
Male and female transformations of head to anal plate largely 
overlap. This is expected behavior considering that the analia of 
both sexes derive from the same genital disc primordia (Nothiger et 
al. 1977). In the tuh(UCF) homoeotic transformations, anal plate is 
observed with a frequency of 2.4% and 11.1% for female and male head 
abnormalities respectively. The infrequent appearance of female ana 
plate tissue may reflect the distance between anal plate and other 
female genital primordia. The female vaginal plates and 8th tergites 
map farthest away from the anal plates (Schupbach et al. 1978). 
Clasper teeth and lateral plate are demonstrated coincidently in 
tuh(UCF) with a frequency of 57 .1%. They usually occur in adjacent 
positions with clasper teeth anterior to lateral plate. In the genital 
disc, lateral plate and clasper teeth map quite close together. They, 
together with the genital arch are designated genital plate and land-
marks map between 0.8-3.8 sturts apart in comparison to 27 sturts dis 
tance between the female genital disc and 7th tergite precursors 
81 
(Schupbach et al. 1978). A start is a probability of 1% that two 
structures will be of different genotypes among gynandromorphs. 
The homoeosis observed in tuh(UCF) represents the most extreme 
tumorous- head phenotype presently available. Head transformations 
to all genital structures have been expressed through this mutant. 
Woolf and Phelps (1960) demonstrated considerable genetic divergence 
between different tuh strains though they each possessed tuh-1 and 
tuh-3. Transient modifying genes are important not only in determin-
ing the expressivity of the phenotype but the penetrance as well 
(Woolf and Passage, 1980). 
The only sexually dicotomous homoeotic tissues relative to their 
positions in the head were the vaginal teeth and clasper teeth. The 
conception of a direct correlation between genital structures and the 
head tissues they replace was not supported and the dimorphic pri-
mordial positions of male and female genital structures in the genital 
disc were not strictly adhered to in the homoeosis competent cells of 
the eye-antenna! disc. 
Bryant and Hsei (1977) indicate that presumptive anal and genital 
structures do not regenerate each other after in vivo culturing and 
demonstrate a lack of vertical regulation in genital discs cut hor · -
zontally though they show excellent regulation through duplication or 
regeneration when cut vertically. Different genital structures 
appearing concurrently in the head also appear to have little vert ' cal 
regulation. However, the integrity of the antero-posterior distr ·-
bution of male genital structures at the posterior end of the fly · s 
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maintained in the anterior end of transformed flies. In the male 
terminalia, penis tissue is on the axis of symmetry and hypandrium, 
claspers and lateral plate are consecutively farther from the axis. 
Polarity reversals involving anterior transformation to posterior 
structures have been observed in a number of invertebrates. Price 
(1958) observed a mutant pitcher plant mosquito (Diptera: Culcidae) 
in which the thorax and head were transformed to a mirror image 
abdomen in about 1% of the offspring he examined. He attributed the 
malformation to a maternal effect involving a differentiation gradient 
that originated at the first abdominal segment and traveled anteriorly 
and posteriorly from that area. 
Yajima (1960) studied the effects of centrifugation on the 
Harlequin fly (Chironomous dorsalis) and found that anterior centrif-
ugation prior to nuclear migration would yield a monster with two 
abdomens connected at the level of the 2nd abdominal segment and 
lacking both head and thorax. However, centrifugation initiated after 
the syncytial blastoderm formation resulted in a truncated or partial 
embryo, indicating that the developmental inclination to form presump-
tive head or tail is established during the nuclear migration stages. 
Meinhardt (1978) has proposed a model for development in higher 
organisms that involves an activator-inhibitor antagonism. At the 
time of polarity determination, inhibitor concentrations are high in 
the posterior and low in the anterior embryo. The graded inhibitor 
concentration is responsible for anterior-posterior polarity sub-
stantiation. The anterior end of the embryo, with very low inhibitor 
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concentrations is susceptible to secondary activation with any addi-
tional reduction in inhibitor concentration. It is precisely this 
mode of activity that he proposes to explain the double abdomen forma-
tion observed in the bicaudal mutant (Bull, 1966) and that studied by 
Yajima (1960). 
Both tuh-1h and tuh-1 8 are wild-type genes and produce maternal 
effect substances in oogenesis. Maternal effect substances are pro-
teins or nucleic acids that are delivered to the oocyte by nurse 
cells. The tuh-3 gene is active in embryogenesis and results in two 
strongly divergent phenotypes depending on the coincidental maternal 
effect gene. It may be a terminal member of a major collection of 
segmental controlling genes designated the bithorax complex (Lewis, 
1978; Kuhn et al. 1981). The elements of the complex are arranged in 
a proximo-distal order (except postbithorax) on the chromosome 
analogous to the anterior-posterior order of the segmentation they 
control. Because of its position relative to the bithorax complex, 
and the phenotypes observed with it, tuh-3 is also implicated n 
production of a segmentation morphogen. 
This suggests that an inhibitor that is either slow diffusing, 
fast decaying or simply present in hypomorphic amounts may lead to 
stimulation of activator production in the anterior embryo and sub-
sequent formation of the posterior structures associated with the 
tumorous -head phenotype. 
I would like to suggest that the gene products of the two loci 
discussed above are the segmentation morphogens proposed by Meinhardt 
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(1977) and a modification of those proposed by Deak (1980). The 
sequential anterior-posterior distribution of abdominal and genital 
structures in tumorous-head transformations suggests that the activity 
of the segmental morphogen(s) in some of the anterior embryonic cells 
is comparable to that in posterior cells. This mechanism has two 
basic proposals: 
1) The inhibitor (I), is the maternal effect substance 
delivered by the nurse cells to the anterior of the egg 
during oogenesis and represents the gene product of tuh-1h 
or tuh-1g. The tuh-1g gene simply produces more of I than 
tuh-1h. The autoradiography of eggs incubated in uridine 
showed a lack of RNA synthesis in nuclei until blastoderm 
and pole cells formed no RNA until the start of gastrulation 
indicating that the expression of the zygotic genome prior 
to blastoderm is unlikely. Protein labeling of pole cells, 
however, is very strong during blastoderm and early gastrula 
(Zalokar, 1976). Therefore, the maternal effect tuh-1 gene 
product will not interact with the embryonic tuh-1 gene 
product in this model. 
2. The tuh-3+ gene codes for A+ (activator) while tuh-3 codes 
for a reduced amount of modified A (hypomorphic). A is 
modified in that it has a higher affinity for I or is less 
diffusible. 
At fertilization, a decreasing gradient of I with peak at the 
anterior end of the embryo is formed by the action of a sink at the 
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posterior of the embryo. The s ink may be e stablished by transcription 
of maternal MRNA stored in po l a r granules and production of a 
repressor for the inhibitor. The synt he s is of MRNA often precedes its 
translation by a considerable time i nt erval . In amphibean and sea 
urchin development, MRNA incorpo rat ed into polyribosomes during 
oogenesis may remain dormant for weeks (Whitely et al. 1966; Tyler, 
1967). I levels are responsible for maintenance of the longitudinal 
polarity of the egg until gastrula t ion (8- 12 hr into embryogenesis). 
Nuclei migrate posterior to thresho l d leve l s of I , and at gastrula-
tion, are stimulated to produce A. Since tuh-1g produces more I than 
h tuh-1 , the threshold is closer to t he pos terior end of the oocyte and 
fewer nuclei are stimulated to produce A. + When tuh-3 is present and 
produces the normal activator with little affinity for I, I diffuses 
away from activated nuclei, establishi ng norma l levels of I in the 
posterior of the embryo. When tuh-3 is present , activator is produced 
in low quantities and with a high a f finity for the inhibitor. This 
abnormal level of activator causes developmental problems such as sac 
testes, duplicated structures, incompl e te structures and sterility. 
Flies of the genotype tuh-1g/ t uh-lg; t uh- 3/ Df show an enhanced 
penetrance of the sac testes trait re l ative to flies bearing the geno-
type tuh-1g/ tuh-1g; tuh-3/ tuh-3 (Kuhn et al . in press) as would be 
predicted by the above mechani sm. 
G H When the tuh-1 gene is replaced by tuh-1 , less I is produced 
initially. If the activato r has lit tle affinity for the inhibitor (a s 
when + tuh-3 is present), I diffus es anteriorly maintaining norma 
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levels in the anterior of the embryo. If tuh-3 is present, low levels 
of a high affinity activator are produced by stimulated nuclei. This 
would lead to defective terminalia except that more nuclei are stimu-
lated initially than if the tuh-lG gene were present. The activator 
produced by tuh-3, with its high affinity for I, reduces the diffus-
ibility of I sufficiently that nuclei migrating into the anterior 
portion of the embryo encounter subthreshold levels of I and are 
stimulated to produce A. The presence of A in the anterior portion of 
the embryo stimulates the production of I and the simulation of the 
determinative events in the posterior of the embryo. Only those 
nuclei that migrate into periplasm with ambient I levels comparable to 
those in the genital or posterior abdominal region are determined to 
become genital or abdominal precursor cells. Cellularization w·11 
soon isolate these nuclei from surrounding cells and small autonomous 
abnormalities will be seen at later stages of development. Embryonic 
and larval lethals may occur if a multitude of nuclei are involved. 
This proposal indicates that flies of the tuh-lH/tuh-lH; tuh-3/ 
tuh-3 should show increased penetrance relative to flies bear·ng 
tuh-lH/tuh-lH; tuh-3/Df. Kuhn et al. (in press) have found this to be 
true. 
In conclusion, tumorous- head causes anterior-posterior polarity 
reversals in one or more blastoderm precursor eye-antenna! cells but 
in no way disturbs the anterior-posterior distribution of concurrent 
homoeotic transformations in the abnormal fly head. 
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Comparison of tumorous-head strains 
Duplications and reductions of the antennae were observed at fre-
. f 1 6% h . h 80C . quenc1es o . eac 1n t e female tuh fl1es. These are signifi-
cantly lower values than those demonstrated by the other four strains. 
Homoeotic transformations of ·antenna to leg were quite prevalent in 
the females of this strain and largely responsible for a frequency of 
35.9% for antennal abnormalities; the second highest value for this 
variable among the females of the five strains examined. Females of 
tuh(ASU) strain demonstrated antennal irregularities at a frequency of 
54.0%. No male fly preparation in the tuhBOC strain expressed 
antennal duplications. Reduced antennae were observed most often in 
male flies of the tuh(CT) and tuh(ASU) strains and in females of the 
tuh(CT), tuh(ASU) and tuh-1; sbd tuh-3 strains. Antennal irregular-
ities were expressed at sexually dimorphic frequencies in the tuh(CT) 
strain. Female and male tuh (CT) flies demonstrated antenna! problems 
at frequencies of 23.2% and 58.8% respectively. 
In males and females of the five stocks analyzed, modifications 
or deletions of the vibrissae demonstrated a positive correlation with 
those of the palpus. In the female tuh(UCF) stock, a complete absence 
of eye facets was related to the presence of T6/T7, T8, or vagina 
tissue. Lack of ommatidia showed no relationship to homoeotic events 
in any other stock. This is probably largely a reflection of the 
small number of fly heads chosen for dissection that demonstrated 
deleted eyes. Ocellar duplications similarly were observed to be 
present significantly with modifications or omissions of the vibrissae 
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or palpi in females of the tuh(UCF) strain. It is enticing to 
attribute the ocellar duplications to a secondary event related to 
ommatidia! absence but Table 3 indicates that there is no difference 
between the observed and expected values for half-heads expressing no 
ommatidia and duplicated ocelli. Had it been feasible to add the 
variable "reduced or absent ommatidia" into the table and correlate 
this with duplicated ocelli, in all probability a positive correlation 
would be unveiled. Unfortunately, it was not practicable to count the 
number of eye facets present in each compound eye and by the nature of 
the organism there is some normal variability. Females of the 
tuh(UCF), tuh-1; sbd tuh-3 and tuh(ASU) strains all demonstrated an 
interpendence between irregularities of the vibrissae or palpi with 
antenna! anomalies, T6/T7, T8 and vaginal tissue. The tuh(UCF), 
tuh(CT), tuh-1; sbd tuh-3 and tuh(ASU) strains exhibited a relation-
ship between TB or vaginal tissue and T6/T7. There was a positive 
correlaton between the presence of 8th abdominal tergite and vaginal 
tissue in both the tuh(UCF) and tuh-1; sbd tuh-3 strains. No one 
homoeotic event was found to be obligately dependent on anoth r. 
Modifiers act during oogenesis to influence the penetrance o 
tuh-3 (Woolf and Passage, 1980). Similar modifiers may effect th 
expressivity of the tumorous-head trait and account for Postlethwait 
et al. (1972) identifying no female vaginal tissue in their initial 
study with tuh(CT) and for the present lack of female genital struc-
. BOC . 
tures ~n the tuh stra1n. Even without outcrossing the stock, the 
tumorous- head expressivity changes with astonishing rapidity within 
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1-2 generations suggesting that these modifying loci may be either 
highly susceptible to mutation and back mutation, present or regulated 
extrachromasomally or highly heterozygous with specific proper 
combinations required for particular homoeotic incidents to transpire. 
It is interesting to note that the probability that vaginal 
tissue and antenna! anomalies are independent of one another in both 
the tuh(UCF) and tuh-1; sbd tuh-3 stock is < 1%. However, in the 
tuh(UCF) stock, expression of vaginal tissue is related to lack of 
ommatidia with a 99.5% confidence and quite probably, similar observa-
tions between vaginal tissue and ommatidia! "reductions" could have 
been made in all stocks had this latter variable been investigated. 
This study indicates that female genital tissue is not disc specific 
but may occur significantly with antennal and eye proper disruptions. 
One of the most significant disclosures of this study was that, 
in each of the five strains, concurrent male genital abnormalities 
were expressed independently. Employing the chi-square test, there 
was no significant difference between observed and expected values for 
any combination of two concurrent male genital structures. 
Antennal anomalies express a significant positive correlat ·on 
with T6 in males of every strain as does leg except in the 
tuh-1· sbd tuh-3 strain. This latter may simply reflect the fact that 
' 
males of the tuh-1; sbd tuh-3 strain demonstrated fewer antennal 
irregularities than the other four strains. It is possible that he 
male genital precursor cells separate normally juxtaposed cells in the 
antenna and these normal cells may be required to duplicate or 
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regenerate in order to compensate for the abnormally slow growth of 
the mutant tissue. Cell death may even occur because the adjacent 
cells (which exchange substances) interact negatively with one 
another. Normally, wound healing (Bryant and Hsei, 1977) is a 
precursor to either event. It is interesting to note that neither 
abnominal nor genital structures are observed growing out of the 
antenna proper. The only homoeotic structure expressed in the antenna 
proper is leg. Conversely, leg appears only in the antenna proper. 
Perhaps the milieu of the antenna proper is unable to support 
posterior cells. This would not prevent the initial determination 
event of antenna to posterior precursor cells from occurring but they 
would die. At that point, normally wound healing would be followed by 
duplication or regeneration. The past influence of the posteriorly 
determined cells may have destabilized the antennal cells in that area 
such that they are switched to a similar pathway; that of leg. 
Sixth abdominal tergite is positively correlated to the advent of 
all genital structures in males of the tuh(UCF) strain, to all genital 
structures except anal plate in the tuh-1; sbd tuh-3 and tuh(ASU) 
strains and to clasper teeth and lateral plate in the tuh(CT) stra i n. 
No relationship was observed between T6 and genital structures of the 
uh
80C . t stra1n, but this may be due to the low expression of genita l 
structures which in turn reflects the puerility of the stock. 
Modifications or deletions of the vibrissae or palp· are 
positively correlated with penis, hypandrial tissue, clasper teeth and 
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lateral plate in the tuh(UCF) strain; to clasper teeth and lateral 
plate in the tuh-1; sbd tuh-3 and tuh(CT) strains and to only clasper 
teeth in the tuh(ASU) strain. We have observed no differences in the 
locale of male genital structures in the heads of different strains, 
therefore, it is suspect that · the discrepancy recorded here is due to 
the lower expressivity of genital structures in stocks relative to the 
tuh(UCF) strain. Another alternative is that the tuh-1; sbd tuh-3, 
tuh(CT), and tuh(ASU) strains have smaller localized abnormalities 
relative to the extensive transformations of the tuh(UCF). 
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